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Disclaimer 
This report is solely for the use of Department of Agriculture and Food WA (DAFWA) and 
may not contain sufficient information for purposes of other parties or for other uses. Any 
reliance on this report by third parties shall be at such parties’ sole risk.  
The information in this report is considered to be accurate with respect to information 
provided and conditions encountered at the visited field sites at the time of investigation. 
IGS has used the methodology and sources of information outlined within this report and 
has made no independent verification of this information beyond the agreed scope of 
works. IGS assumes no responsibility for any inaccuracies or omissions. No indications 
were found during our investigations that the information provided to IGS was false. 
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Introduction 
The Department of Agriculture and Food Western Australia (DAFWA) is currently 
undertaking a Royalties for Regions funded project in the LaGrange Groundwater 
Area south of Broome. The focus is on providing improved confidence about soil 
suitability and water availability for potential expansion of irrigated agriculture in 
the region. Groundwater in the Broome Sandstone Aquifer (BSA) is the target 
water resource, however before the LaGrange project commenced little was 
known about the physical and chemical attributes of the aquifer (Paul et al., 
2013). 
Dr. Glenn Harrington of Innovative Groundwater Solutions Pty Ltd. (IGS) was 
successful in applying to DAFWA for an internal Visiting Scientist Program (VSP). 
The role was primarily to assist mentoring of new staff and provide up-skilling of 
experienced staff. This was achieved through the provision of technical assistance 
in understanding the controls on groundwater quality of the BSA, and to estimate 
groundwater recharge and residence times using environmental tracer techniques.  
A preliminary interpretation of the hydrochemistry by Harrington (2014) revealed 
that groundwater in the BSA ranges from Na-Ca-Cl-HC03 type to Na-Cl type. 
These compositions reflect a primary marine aerosol source for the major ions, 
with minor solute inputs by dissolution of gypsum and weathering of carbonate 
minerals.  Harrington (2014) also estimated long-term recharge rates for the BSA 
using the steady-state chloride mass balance (CMB) method in two ways. Using 
chloride concentrations in rainfall the estimated recharge rate was between 5-21 
mm/yr. for all groundwater samples, and between 2-9 mm/yr. for groundwater 
samples collected from bores with screened/slotted intervals less than 15 m 
below the water table. Similarly, using chloride deposition rates the estimated 
recharge was 2-8 mm/yr. for all samples, and between 1-4 mm/yr. for samples 
collected less than 15 m below the water table. Higher recharge rates for 
groundwater in deeper parts of the aquifer may reflect wetter times in the past. 
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Drilling of purpose built investigation and monitoring bores is planned for later 
stages of the project, and part of the requirement of the VSP was to provide 
advice on locations and construction details for these bores. They will be used for 
a range of purposes, including the collection of water samples both along 
horizontal transects that follow the direction of groundwater flow and in vertical 
profiles through the aquifer. Analysis of these water samples for environmental 
tracers will ultimately provide the detailed knowledge of groundwater recharge 
and flow processes required for confident decision making on development 
opportunities and meaningful groundwater management. 
In order to prepare for this extensive program of drilling and environmental tracer 
analysis, a regional reconnaissance sampling exercise was undertaken in October 
2014 using a small number of existing shallow bores in the region. Groundwater 
samples were collected for major ion chemistry and isotopes (2H/18O, 14C) with the 
primary objective of testing the applicability of these techniques to obtain 
knowledge of recharge processes, recharge rates and groundwater residence 
times. 
Methods 
Field sampling 
Twelve existing and accessible bores were selected over the full extent of the 
LaGrange area (Figure 1). These bores were either equipped with pumps (Plate 1) 
or had water tables that were shallow enough to permit pumping with a portable 
Grundfos® SQ 7-50 submersible pump (Plate 2). 
Each bore was purged of at least three times the volume of water in the casing, 
and samples were only taken after field measurements of electrical conductivity 
(EC), pH and temperature at the discharge pipe remained stable. These 
measurements were made on a WTW® 340i hand-held meter, with probes 
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calibrated to known standards daily. A Hach® digital titration kit was also used to 
measure alkalinity as CaCO3 in the field. 
Groundwater samples were collected in separate 250 mL plastic bottles for cations 
and metals (0.45 m filtered and acidified) and anions (not filtered or acidified). 
Samples were also collected for stable H/O isotope analysis in 2 mL glass vials, 
and for carbon isotope analysis in 1 L plastic bottles. All samples were filled 
directly from the pump discharge pipe, minimizing the opportunity for exposure 
to the atmosphere, and subsequently refrigerated for transportation to 
laboratories. 
Rainfall samples were collected from DAFWA’s existing network of rainfall gauging 
stations. Each of these stations have been equipped with bulk rainfall collection 
drums that contain a film of paraffin oil to prevent loss of moisture – and thus 
isotopic fractionation – by evaporation. Rainfall samples were combined with 
other samples collected from the same sites earlier in the year, and shipped with 
groundwater samples for stable H/O isotope analysis. 
Laboratory Analyses 
Water samples for chemistry analysis were sent to CSIRO Analytical Services Unit 
(Adelaide) for determination by ICP (cations and metals) and IC (anions). Samples 
for stable hydrogen (2H/1H) and oxygen (18O/16O) isotopes of water were sent to 
University of California (Davis, USA) for analysis by laser methods. Samples for 
radiocarbon (14C) and stable carbon isotope (13C/12C) analysis were sent to Rafter 
Radiocarbon Laboratory (Lower Hutt, NZ) for measurement by Accelerator Mass 
Spectrometry (AMS). 
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Figure 1. Location of groundwater bores sampled in October 2014. The thick blue line defines the 
boundary of the LaGrange sub-areas, while the thin coloured lines define pastoral station 
boundaries. 
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Plate 1. Sampling at the equipped Schultz’s Bore on Nita Downs Station. 
 
Plate 2. Purging the outstation bore near Munro Springs on Nita Downs Station. 
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Data analysis and modelling 
Estimating groundwater age from carbon-14 
Carbon-14 is arguably the most useful environmental tracer for estimating the 
‘apparent age’ or ‘residence time’ of groundwater up to about 30,000 years. 
Dissolved inorganic carbon (DIC) in groundwater is sourced primary from 
dissolution of soil CO2 gas and weathering of carbonate minerals. The principle of 
using 14C to date groundwater is that if the initial 14C activity (Ao) of DIC can be 
estimated, the age (t) of the water sample can be calculated as follows:  
A = Ao exp(-t)           [EQUATION 1] 
where A is measured 14C activity in percent modern carbon (pMC), and  is the 
radioactive decay constant for 14C (1.209 x 10-4 yr-1). Estimating the initial 14C 
activity (Ao) is complicated by the addition 14C-free DIC due to weathering of 
carbonate minerals or oxidation of old organic matter.  
Numerous correction schemes have been developed over the last five decades for 
estimating the value of Ao for groundwater samples. The most commonly used 
models involve either a chemical mass balance (Tamers, 1967), a carbon-13 
isotope mass balance (Ingerson and Pearson, 1964), a combined chemical and 
isotope mass balance that accounts for isotope exchange with either the gas 
phase or solid phase (Fontes and Garnier, 1979), and a similar model that 
considers isotope exchange with all phases (Mook, 1980).  
For this project, all four of the above models were applied to explore the range of 
possible groundwater ages, although the “Pearson” or “F&G” models are 
considered to be most appropriate given the likely geochemical processes 
controlling carbon isotope compositions.  Three of these models require input of 
dissolved carbon dioxide (CO2) and bicarbonate (HCO3-) concentrations, which 
were determined for each groundwater sample using the speciation functionality 
of PHREEQC (Parkhurst and Appelo, 2013).  
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The models also require an estimate of the 13C composition and 14C activity of 
soil CO2 gas and carbonate minerals. For soil CO2 gas, values of -15‰ and 
100 pMC were assumed based on knowledge of the predominance of C4 plants 
(i.e., grasses including spinifex) in the region. Although carbonate minerals are not 
noticeable in this area, either in the soil zone or aquifer, it was assumed that they 
have an isotopic composition similar to marine carbonates (i.e., 0‰ and 0 pMC) 
given the marine origin of the Broome Sandstone and underlying Jarlemai 
Siltstone. 
Estimating recharge rates  
Recharge was estimated using the steady-state CMB as per the methodology 
outlined in Harrington (2014). It was also estimated from the apparent ‘corrected’ 
14C age (t) of each water sample using the simple approximation of 1-D vertical 
flow: 
R = z/t           [EQUATION 2] 
where z is the depth of the mid-point of the screen/slotted interval of the bore 
below water table [m],  is aquifer porosity – assumed to be 30% for this study. 
The assumption of 1-D vertical flow is valid for this reconnaissance study because 
the depth of each sample is shallow compared to the total thickness of the 
aquifer (Cook and Böhlke, 2000). 
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Results 
Field measurements 
Field measurements of EC, pH, T and alkalinity as CaCO3 are presented in 
Appendix A. This shows that groundwater salinity ranged over one order of 
magnitude from 39 to 350 mS/m, with most samples having less than about 
100 mS/m. Field pH ranged from neutral to slightly acidic. The red cells in 
Appendix A indicate well construction details that had to be assumed, as no 
records were available. These assumptions lead to uncertainty in the estimates of 
recharge rates from carbon-14 age (see below), and thus support the need for 
new, purpose built bores with carefully planned and documented construction 
details in future. 
Sources of solutes 
The results of hydrochemical analyses are provided in Appendix A. Bicarbonate 
concentrations were not determined in the laboratory, so instead were estimated 
from field alkalinity measurements. This resulted in all samples having  a very low 
charge balance error of less than 4%. The major ion compositions are all Na-Cl 
dominated (Figure 2), which is consistent with previous work in LaGrange 
(Harrington, 2014). 
 
Figure 2. Piper diagram showing composition of groundwater samples collected in this project (LHS) 
compared with those from previous work in the area (RHS). 
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Recharge mechanisms 
The measured stable H/O isotope compositions of rainfall and groundwater 
samples, as well as Munro Springs, are plotted in the conventional manner in 
Figure 3. This plot shows that wet season rainfall samples are more depleted in 
the heavy isotopes (i.e., more negative 2H and 18O) than dry season rainfall 
samples, which is consistent with the well-known ‘amount effect’. This effect is 
better illustrated in Figure 4, which shows how the largest rainfall amounts 
correspond to the most depleted compositions. However, it is important to note 
that these are bulk rainfall samples from multiple events, and therefore cannot be 
used to determine rainfall thresholds for recharge from individual storm events. 
Groundwater samples and the Munro Springs sample are even more depleted in 
the heavy isotopes, which suggests they must have been recharged from 
isotopically lighter and thus more intense rainfall events than those sampled to 
date in this project. 
Figure 3. Stable hydrogen and oxygen isotope composition of rainfall and groundwater samples. 
Rainfall samples from the dry season (yellow shaded ellipse) are distinct from rainfall samples from 
the wet season (blue shaded ellipse). 
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Figure 4. Relationship between stable hydrogen isotope composition and total amount of rainfall 
collected in the sample. Note that these are composite samples from multiple rainfall events. 
Recharge rates and residence times 
The results of stable carbon (13C/12C) and radiocarbon (14C) analyses are shown in 
Table 1. Also shown are the concentrations of dissolved inorganic carbon species 
(carbon dioxide and bicarbonate) and the calcite saturation index (SI) calculated 
using PHREEQC. With the exception of Munro Springs and the adjacent Munro 
Springs bore, all samples have a measured 14C activity in the range 67-94 pMC, 
indicating they are all very young; that is, apparent ‘uncorrected’ ages of less than 
a few thousand years. This was not surprising give the shallow depth of bores 
compared to the total aquifer thickness. The 13C composition does vary slightly, 
reflecting some contribution of DIC from carbonate weathering, and therefore a 
need to apply correction schemes. However, all samples are below saturation with 
respect to calcite (i.e., SI<0).   
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Table 1. Measured carbon isotope composition of groundwater samples and Munro Springs, as well 
as calculated concentrations of DIC species and calcite saturation indices. 
Sample 
ID 
 13C 14C CO2 
(aq) 
HCO3 
(aq) 
SI 
  ‰ pMC mM mM Calcite 
ROE015 East Crab Creek bore -10.2 93.84 1.38 0.62 -2.96 
ROE005 Cow bore -12.62 84.41 0.87 1 -2.4 
ROE012 Sheep camp bore -11.6 75.79 0.72 0.35 -3.06 
FRA022 Bidyadanga 2/93 -11.64 79.81 1.34 1.53 -1.81 
NIT019 Schultz’s bore -12.58 84.44 2.91 4.53 -0.91 
NIT025 Munro Springs bore -9.6 18.66 1.47 1.09 -2.4 
NITMUN Munro Springs -11.58 42.49 0.28 1.21 -1.51 
MRD024 MRD gravel pit bore -8.7 94.49 1.02 3.38 -0.52 
MRD026 MRD Teds bore -10.09 81.73 0.87 1.48 -1.39 
MRD021 MRD Anna Plains #1 -9.21 66.92 0.43 2.47 -0.68 
ANA053 Mono bore -10.85 75.94 0.37 2.47 -0.48 
FRA027 Tip bore east -13.1 95.45 4.79 3.8 -1.42 
 
Table 2 below shows the ages estimated by applying four different correction 
schemes to each sample (see Methods section for a brief explanation of each 
model). Without a large dataset of groundwater samples along flow-paths, and 
complementary information on carbonate minerals in the basin, it is not possible 
to favor one of these schemes over the others. Nevertheless, the most striking 
observation is that almost all samples are modern (i.e., age = 0 years). Due to the 
potential errors introduced through sampling, analysis and (most importantly) 
assumptions required for the correction schemes, the uncertainty in the age of 
these modern samples is at least 200 years, and possibly up to 500 years (Table 
3). 
Sheep Camp bore on Roebuck plains had an apparent groundwater age in the 
range 200 - 800 years, which was not surprising given that this Broome 
Sandstone bore is locally confined by Roebuck Bay Clay and hence the 
groundwater must have travelled some distance from up-gradient.  
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Munro Springs bore had the oldest sampled groundwater, with an age in the 
range 10,200 – 11,900 years, while surface water sampled from Munro springs 
had the second oldest age of 2,800 – 4,900 years. The younger apparent age of 
water in Munro Springs compared with the adjacent bore most likely reflects the 
depth that the groundwater sample was taken from the bore. Alternatively, the 
springs may appear younger due to the addition of modern DIC, either through 
plant root respiration or oxidation of recent organic matter in the springs, or 
gaseous exchange with the atmosphere. This uncertainty could be further 
investigated by 
Table 2. Corrected groundwater ages from four different models. 
Sample 
ID 
 Age 
TAMERS 
Age 
PEARSON 
Age  
F&G 
Age 
MOOK 
  years years years years 
ROE015 East Crab Creek bore 0 0 0 0 
ROE005 Cow bore 0 0 0 0 
ROE012 Sheep camp bore 816 167 205 486 
FRA022 Bidyadanga 2/93 0 0 0 0 
NIT019 Schultz’s bore 0 0 0 0 
NIT025 Munro Springs bore 11906 10194 10301 11065 
NITMUN Munro Springs 2771 4939 4309 3963 
MRD024 MRD gravel pit bore 0 0 0 0 
MRD026 MRD Teds bore 0 0 0 0 
MRD021 MRD Anna Plains #1 0 0 0 0 
ANA053 Mono bore 0 0 0 0 
FRA027 Tip bore east 0 0 0 0 
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Table 3. Estimated radiocarbon age and recharge rates for each sample. 
Sample ID Radiocarbon Age Recharge (14C) Recharge (CMB) 
 years mm/year mm/year 
East Crab Creek bore 0 - 500 > 13 10 - 40 
Cow Bore 0 - 500 > 13 9 - 38 
Sheep Camp bore 200 - 800 Confined Artesian 10 - 41 
Bidyadanga 2/93 0 - 500 > 0 6 - 25 
Schultz’s bore 0 - 500 > 5 2 - 7 
Munro Springs bore 10,200 - 11,900 < 1 7 - 27 
Munro Springs 2,800 - 4,900 Spring 8 - 32 
MRD gravel pit bore 0 - 500 > 5 5 - 18 
MRD Teds bore 0 - 500 > 3 8 - 33 
MRD Anna Plains #1 0 - 500 > 14 1 - 4 
Mono bore 0 - 500 > 14 3 - 13 
Bidyadanga tip bore 0 - 500 > 1 2 - 9 
 
the collection and analysis of shallower groundwater, for example via new bores, 
or attempting to sample spring water closer to the source, where exchange 
reactions are likely to be less progressed. 
Recharge rates estimated using the two different methods yielded similar results, 
although the 14C method generally returned lower values (Table 3). This occurred 
because a maximum groundwater age of 500 years was assumed for the modern 
samples, thereby resulting in a minimum recharge rate (Equation 2). The range of 
CMB recharge rates reflects a range of possible values for precipitation (P) and 
concentration of chloride in precipitation (CP), with the product P.CP ranging 740 
to 3250. In summary, both methods indicate the long-term average recharge rate 
for shallow groundwater in the Broome Sandstone is likely to be 5-15 mm/year. 
There is no consistent spatial trend in recharge rates, although some of the 
highest rates estimated from the CMB method were from the northernmost 
bores. 
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Uncertainty in Recharge due to Bore Completions 
Recharge rates estimated using 14C-derived groundwater ages are directly 
proportional to the depth (z) of the production zone of the bore below the water 
table (Equation 2). For the recharge estimates presented in this report (Table 3) 
the known or assumed depth of the mid-point of the screen or slotted interval 
was used. Because there is some uncertainty about the exact depth(s) where a 
water sample enters a bore, an error in the recharge rate can be expressed by 
considering the full range of possible depths in the screen from which the sample 
was obtained. For example, if the mid-point of a  2 m-long screen is at 10 m 
below the water table, then the range in possible sample depths is 9 – 11 m and 
the error is ±10%. This same error applies to the recharge rate. Hence, smaller 
errors in recharge rate are achieved from bores with shorter screen intervals.  
For this project, most of the screen depths were unknown and had to be 
estimated (shown as red cells in Appendix A). In each case, the screen was 
assumed to be 6 m long, which translates to an error of ±3 m, or ±18% for a bore 
with mid-point depth below water table of 17 m (the average in Appendix A). If, 
however, the screen length was 10 m then the error in depth, and thus estimated 
recharge rate, would be ±30% for the same bore.  
Similarly, if the production zone of any of the bores is shallower than has been 
estimated, then the error in recharge rate would be much higher. For example, a 
6 m-long screen in a bore with mid-point depth below water table of 8.5 m 
would produce an error in recharge of ±35% (cf. ±18% for bore with 17 m deep 
mid-point). 
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Discussion 
Comparison with previous isotope studies in the West Kimberley 
The stable hydrogen and oxygen isotope compositions of LaGrange groundwater 
samples are remarkably similar to those measured in groundwater from other 
parts of the West Kimberley region, including the Broome Sandstone Aquifer on 
Dampier Peninsula (unpublished data provided courtesy of J. Searle, Department 
of Water) and the Wallal Sandstone Aquifer in the West Canning Basin (Meredith, 
2009; 2010; Meredith et al., 2014) (Figure 5). This similarity reveals a consistency in 
the recharge mechanism of rapid infiltration, without significant evaporative loss, 
following only the heaviest rainfall events.  However, it remains unknown what is 
the threshold rainfall event required to generate recharge. Similar compositions 
have also been measured in regional groundwater samples taken from the Fitzroy 
River catchment (Harrington et al., 2011), although the spread of data shown for 
this area in Figure 5 reflects some samples from shallow piezometers adjacent a 
wetland. 
The range of estimated groundwater ages for shallow bores sampled in LaGrange 
(modern to about 12,000 years) is also consistent with the results of other studies 
in the region. For example, Meredith et al. (2014) report sub-modern ages 
(greater than 60 years but less than ~500 years) for two bores in the Broome 
Sandstone in the West Canning Basin, and a range of ages from modern to 
37,000 years for the underlying Wallal Sandstone. Groundwater samples from 
even further down the flow-path in the Wallal Sandstone have been estimated to 
be up to 45,300 years old (Meredith, 2009; 2010). Samples from the Broome 
Sandstone on Dampier Peninsula are currently being analysed and interpreted, 
and will allow further comparison with LaGrange samples when available. 
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Figure 5. Historical measurements of groundwater stable isotope composition from the West 
Kimberley region, showing similarity of LaGrange samples to other areas. 
The range of recharge rates estimated in this phase of the project using two 
different methods was generally consistent (Table 3) with the 14C method 
producing rates from less than 1 mm/yr. to greater than 14 mm/yr., and the CMB 
method producing rates from 1 mm/yr. to 41 mm/yr. Inconsistencies in the rates 
estimated for individual bores are likely to be due to two factors. Firstly, each 
method requires assumptions about input data that create uncertainties in the 
results, as discussed and explored previously. Secondly, it is important to 
recognise the different temporal scales to which these methods apply. Recharge 
rates estimated using the CMB approach apply to the actual event (or mixture of 
events) that produced the water sample. In contrast, recharge rates estimated 
using the 14C method are an average value over the residence time of the 
groundwater sample (i.e., several hundreds to thousands of years). 
Notwithstanding the above limitations, this phase of the project has shown that 
long-term recharge rates for the shallow parts of the Broome Sandstone aquifer 
are likely in the range 5-15 mm/yr. This finding is generally consistent with 
previous results obtained for the project: using a CMB approach with chloride 
concentrations in rainfall, Harrington (2014) determined a range of 5-21 mm/yr. 
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for all groundwater samples and between 2-9 mm/yr. for shallow groundwater 
samples less than 15 m below water table.  
 22 
Summary & Recommendations 
Sampling of 12 existing bores in the Broome Sandstone Aquifer during October 
2014 has shown that the major ion chemistry is similar to that found previously in 
the LaGrange area (Paul, et al. 2013; Harrington, 2014). The Na-Ca-Cl-HCO3 to 
Na-Cl compositions are consistent with a source of solutes from aerosols in 
rainfall of marine origin, followed by minimal water-rock interaction. 
Measured carbon-14 activities have been converted into apparent groundwater 
ages. After using several of the most widely used corrections schemes, which 
account for the addition of ‘dead’ carbon to groundwater by carbonate mineral 
weathering, most samples appear to be modern. Considering potential errors in 
sampling and analysis, and assumptions required for the correction schemes, 
these ‘modern’ waters may be up to 500 years old. The fact that these 
groundwater samples are so young in a regional groundwater system reflects the 
shallow depth of the bores compared to the total thickness of the aquifer, as well 
as the dominance of episodic recharge mechanisms across different soils and 
landforms. 
In contrast, waters sampled from Munro Springs and the nearby outstation bore 
are in the order of 3-5,000 years and 10-12,000 years old, respectively. A recent 
AEM survey has been interpreted to suggest that structural controls and/or local 
topographic effects, plus potential coincidence of palaeochannels, may mean this 
water has been sourced from deeper parts of the Broome Sandstone originating 
further east.  
The full range of groundwater 14C ages and the steady-state chloride mass 
balance suggest long-term average recharge rates are in the range 5-15 mm/yr. 
This range should now be tested through the proposed numerical groundwater 
flow model(s) for the region. 
Stable hydrogen and oxygen isotope compositions of groundwater samples are 
all relatively depleted in the heavy isotopes compared to the composition of bulk 
 23 
rainfall samples, particularly rainfall in the dry season. This data supports a 
conceptual model of recharge only occurring after very intense monsoonal rainfall 
events in the wet season. These results are also similar to previous work in the 
West Canning Basin, the Dampier Peninsula, and the Fitzroy River catchment. 
It is recommended that the proposed drilling of purpose built bores should 
proceed, subject to the obligatory approval and site clearance procedures. These 
bores will enable the collection of additional environmental tracer data, including 
better spatial coverage and deeper regions of the aquifer, to provide greater 
confidence in groundwater recharge rates, flow directions and residence times. It 
is also recommended that event-based rainfall samples be collected during the 
next wet season to provide improved knowledge of rainfall thresholds required to 
generate groundwater recharge. 
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Bore/Rain	Sample
Hydstra	
Name
Sample	
Name Sample_Type
Top	
Screen
Bottom	
Screen
TD					
TOC	(m)
SWL	
(TOC)
Sample	
Date/Time
EC	
(µS/cm) pH T	(⁰C)
Alkalinity	
(mg/L	CaCO3)
Easting	
((MGA)
Northing	
(MGA) Station Comments
East	Crab	Creek	bore ROE015 7_LG_2014 Groundwater 25.00 31.00 31 3.5 27/10/2014	13:10 411 5.94 32.4 31.0 458600 8007640 Roebuck	Plains Oil	well	water	supply	bore
Cow	Bore ROE005 8_LG_2014 Groundwater 23.45 29.45 29.45 2.5 27/10/2014	15:20 459 6.35 32.3 50.5 470957 8013236 Roebuck	Plains Oil	well	water	supply	bore
Sheep	Camp	bore ROE012 9_LG_2014 Groundwater 19.00 25.00 25 Flowing 27/10/2014	17:30 387 5.98 31.3 17.5 381320 7939450 Frasier	Downs Stock	bore
Bidyadanga	2/93 FRA022 10_LG_2014 Groundwater 11.53 32.53 32.53 11.53 28/10/2014	10:30 647 6.34 32.9 77.4 371680 7934030 Bidyadanga	town Production	bore
Schultzs	bore NIT019 11_LG_2014 Groundwater 24.00 30.00 30 16 29/10/2014	09:30 1880 6.45 32.6 231.5 377965 7873995 Nita	Downs Stock	bore
Munro	Springs	Bore NIT025 13_LG_2014 Groundwater 30.00 36.00 36 7.5 29/10/2014	11:30 654 6.15 32.6 54.7 403120 7861280 Nita	Downs Outstation	bore
Munro	Springs NIT-MUN 14_LG_2014 Spring Spring Spring Spring 0 29/10/2014	12:30 558 6.90 36.1 61.1 401125 7860800 Nita	Downs Munro	Springs
MRD	gravel	pit	bore MRD024 15_LG_2014 Groundwater 15.40 21.40 21.4 7 30/10/2014	09:30 974 6.79 33.1 172.5 294914 7811536 Mandora MRD	bore
MRD	Teds	bore MRD026 16_LG_2014 Groundwater 26.50 32.50 32.5 21 30/10/2014	11:10 528 6.51 33.5 74.7 271957 7807902 Mandora MRD	bore
MRD	Anna	Plains	#1 MRD021 17_LG_2014 Groundwater 34.00 40.00 40 10 30/10/2014	13:10 3500 6.99 34.8 127.3 320980 7826985 Anna	Plains Stock	bore
Mono	bore ANA053 18_LG_2014 Groundwater 34.00 40.00 40 10 30/10/2014	14:45 1084 7.09 34.6 126.0 337850 7858000 Anna	Plains Stock	bore
New	Cookies	bore SHA016 21_LG_2014 Groundwater 19.20 25.20 25.2 18.2 4/11/2014
Badyadanga	tip	bore FRA027 24_LG_2014 Groundwater 26.05 18.33 06/11/2014	14:10 1555 6.16 33.4 193.0 369800 7929753 Frasier	Downs Monitoring	bore
Rain-Mcgregors	bore ROE001RG 1_LG_2014 Rainwater 1/04/2014
Rain-Cyrene	#1 THA001RG 2_LG_2014 Rainwater 2/04/2014
Rain-Junction	bore NIT001RG 3_LG_2014 Rainwater 4/04/2014
Rain-Munro	Springs NIT002RG 4_LG_2014 Rainwater 4/04/2014
Rain-Lyngetts	well ANA001RG 5_LG_2014 Rainwater 4/04/2014
Rain-Dampier	Downs	west DAM001RG 6_LG_2014 Rainwater 25/10/2014
Rain-Munro	Springs NIT002RG 12_LG_2014 Rainwater 29/10/2014
Rain-Lyngetts	well ANA001RG 19_LG_2014 Rainwater 1/11/2014
Rain-Mcgregors	bore ROE001RG 20_LG_2014 Rainwater 3/11/2014
Rain-Cyrene	#1 THA001RG 22_LG_2014 Rainwater 5/11/2014
Rain-Junction	bore NIT001RG 23_LG_2014 Rainwater 6/11/2014
Alk Alk F - Cl - Br - NO3
- SO4
= Ca K Mg Na S B Fe Si Sr
CaCO3 HCO3 mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
ROE015 411 5.94 32.4 31.0 37.8 <0.05 75 0.18 35 9.5 6.5 4.8 8.3 58 3.1 0.3 <0.1 38 0.16 3.6 3.5 2%
ROE005 459 6.35 32.3 50.5 61.6 0.06 80 0.22 33 6.0 5.7 6.2 7.4 71 1.9 0.3 <0.1 36 0.13 4.1 3.9 2%
ROE012 387 5.98 31.3 17.5 21.4 <0.05 74 0.19 39 4.0 8.4 5.9 9.9 45 1.3 <0.2 0.2 35 0.18 3.3 3.1 3%
FRA022 647 6.34 32.9 77.4 94.4 <0.05 119 0.37 27 16 16 4.1 9.1 97 5.3 0.4 <0.1 40 0.25 5.9 5.7 2%
NIT019 1880 6.45 32.6 231.5 282.4 <0.2 422 1.1 8.3 26 44 9.1 33 277 8.3 0.7 <0.1 31 1.3 17.2 17.2 0%
NIT025 654 6.15 32.6 54.7 66.7 0.18 113 0.29 2.9 62 9.3 9.5 6.6 103 20 0.3 <0.1 28 0.15 5.7 5.6 1%
NIT-MUN 558 6.90 36.1 61.1 74.5 0.22 94 0.22 20 40 10 10 8.6 91 13 0.2 0.2 29 0.21 5.4 5.0 4%
MRD024 974 6.79 33.1 172.5 210.5 <0.05 164 0.53 38 23 56 5.2 16 115 7.5 0.4 1.0 41 0.89 9.2 9.2 0%
MRD026 528 6.51 33.5 74.7 91.1 <0.05 92 0.24 26 8.2 28 3.2 8.8 59 2.7 <0.2 1.9 34 0.41 4.8 4.7 1%
MRD021 3500 6.99 34.8 127.3 155.3 <0.2 862 1.8 27 290 48 51 59 557 91 0.5 <0.1 29 0.82 32.7 33.3 -1%
ANA053 1084 7.09 34.6 126.0 153.7 0.13 226 0.6 19 47 41 14 20 128 15 0.3 <0.1 34 0.50 9.6 10.2 -3%
FRA027 1555 6.16 33.4 193.0 235.5 <0.2 340 0.9 10 36 29 6.2 19 263 11 0.9 <0.1 34 0.51 14.6 14.4 1%
ERRORSample ID
EC pH T
sum CAT 
meq/L
sum AN 
meq/L
